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7KH GeoUML Methodology %HOXVVL HW DO D QG WKH
GeoUML Tools %HOXVVL HW DO GH VFULEHG LQ WKLV SDSHU
KDYHEHHQGHYHORSHGLQRUGHUWRVXSSRUWWKHPDQDJHPHQWRID 
JHRJUDSKLFDOConceptual SchemaDQGWRSHUIRUPWKHDXWRPDWLF
YDOLGDWLRQ RIW KH FRQIRUPDQFH RID Data Product WR D JLYHQ
Conceptual Schema 7KH IXQGDPHQWDO SULQFLSOHV RIW KLV





RUGHU WR JXDUDQWHH WKDW WKH VSDWLDO GDWDEDVHV FUHDWHG E\ WKH
GLIIHUHQW 5HJLRQV VDWLVI\ FRPPRQ VSDWLDO SURSHUWLHV 7KLV LV
FRQVLGHUHG D IXQGDPHQWDO UHTXLUHPHQW IRUW KHQDWLRQDO6',$
SDUWLFXODUGLIILFXOW\ZKLFKKDGWREHVROYHGLVFRQVWLWXWHGE\WKH
GLIIHUHQW WHFKQLFDO VROXWLRQV DGRSWHG E\ GLIIHUHQW 5HJLRQV IRU
SK\VLFDOO\VWRULQJ WKHLUGDWDEDVHV)RU WKLV UHDVRQ WKHFRPPRQ
GDWD FRQWHQW DQG WKH VSDWLDO FRQVWUDLQWV PXVW EH GHILQHG DW
FRQFHSWXDO OHYHO EXW WKH\ PXVW EH FKHFNHG RQGD WDEDVHV
LPSOHPHQWHG ZLWK GLIIHUHQW LPSOHPHQWDWLRQ PRGHOV 7KH
FKHFNLQJ RI JOREDOO\ GHILQHG FRQFHSWXDO FRQVWUDLQWV RQO RFDO
GDWDEDVHVLVQHFHVVDU\DQGFDQQRWEHUHSODFHGE\DJOREDO6',
FKHFNRQDFRPPRQ*0/EDVHGIRUPDWIRUVHYHUDOUHDVRQVL
GDWDTXDOLW\ LV DOVRD ORFDO UHTXLUHPHQW LLGDWD VXUYH\VPXVW
EH HYDOXDWHG DW WKH LQLWLDO VWDJH RI WKH ORFDO VSDWLDO GDWDEDVH
FUHDWLRQ LLL GDWD KDYH WR EH FKHFNHG DJDLQVW LQWHJULW\
FRQVWUDLQWVGXULQJWKHXSGDWHSURFHVVWKDWLVPDQDJHGORFDOO\
7KH WRRO ZKLFK PDQDJHV WKH &RQFHSWXDO 6FKHPD LV FDOOHG
GeoUML CatalogueWKHPRGHOXVHGIRUGHILQLQJWKHVFKHPDLV
FDOOHGGeoUML PRGHO %HOXVVL HW DO D %HOXVVL HW DO
E *HR80/ DQG *HR80/ &DWDORJXH DUH GHVFULEHG LQ
6HFWLRQ
7KH WRRO XVHG IRU FKHFNLQJ ZKHWKHU D 'DWD 3URGXFW LV
FRQIRUPDQW WR D JLYHQ&RQFHSWXDO 6FKHPD LV FDOOHGGeoUML 
ValidatorDQGLVGHVFULEHGLQ6HFWLRQ
7KH'DWD 3URGXFW WR EH YDOLGDWHGPXVW EH LPSOHPHQWHG XVLQJ
RQHRIV HYHUDO SUHGHILQHG Implementation Models ,0ZKLFK
WUDQVIRUP WKH &RQFHSWXDO 6FKHPD LQWR D SK\VLFDO VWUXFWXUH
,PSOHPHQWDWLRQ0RGHOVDUHGHVFULEHGLQ6HFWLRQ
7KH LPSOHPHQWDWLRQ RIW KH*HR80/&DWDORJXH DQG9DOLGDWRU
WRROVLVFRPSOHWHDQGDEHWDWHVWLQJSKDVHLVQRZXQGHUZD\DV
GHVFULEHGLQ6HFWLRQ
7KH &DWDORJXH DQG 9DOLGDWRU 7RROV DUH DQ H[DPSOH RID 




2. GEOUML MODEL AND CATALOGUE
7KH*HR80/PRGHOFRQVLVWVRIWKHIROORZLQJHOHPHQWV
D WKH 80/ PRGHO IRUF ODVV GLDJUDPV FRQFHSWXDO VFKHPD
ODQJXDJH DV GHILQHG LQ ,627&  Z LWK VRPH
UHVWULFWLRQVFRQFHUQLQJWKHXVHRI'DWD7\SHVDQGPXOWLSOH
LQKHULWDQFH
E D SURILOH RI WKH ,626SDWLDO 6FKHPD ,627& 
FDOOHG([WHQGHG6LPSOH)HDWXUH(6)
F DVHWRISUHGHILQHG2&/2EMHFW&RQVWUDLQW/DQJXDJHWKH
UHIHUHQFH ODQJXDJH IRU FRQVWUDLQW VSHFLILFDWLRQ LQ 80/
WHPSODWHV ZKLFK DOORZ WR GHILQH VSDWLDO FRQVWUDLQWV
UHIHUULQJ WR WKH FODVVHV DQG DWWULEXWHV RID  DQG WR WKH
VSDWLDOW\SHVRIE
G D VHW RID GGLWLRQDO RSWLRQDO VSHFLDOL]HG IHDWXUHV OLNH
SUHGHILQHG 80/ VFKHPDV IRU WKH VSHFLILFDWLRQ RI
VHJPHQWHG DQG VXEUHJLRQ SURSHUWLHV 7KHVH IHDWXUHV DUH
QRWIXUWKHUWUHDWHGKHUH
7KH(6)VSDWLDOSURILOHLVHVVHQWLDOO\WKH6LPSOH)HDWXUHPRGHO
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7KHPDLQH[WHQVLRQVLQ(6)DUHx ' SRLQW DQG FXUYH W\SHV LQFOXGLQJ ' VSDWLDO
UHODWLRQVKLSV EHWZHHQ JHRPHWULHV RIW KHVH W\SHV HJ WKH
LQWHUVHFWLRQRIWZR'FXUYHVLVGHILQHGLQ'DQGDOVRD
³SODQDU´IXQFWLRQZKLFKDOORZVWRUHIHUH[SOLFLWO\WRWKH'
SURMHFWLRQVRI'JHRPHWULHVx ' VXUIDFHVZLWK D 'ERXQGDU\ LQ WKLV FDVH WRSRORJLFDO
UHODWLRQVKLSV FDQ UHIHU WR WKH ' VXUIDFH OLNH
³SODQDUSRLQW',1VXUIDFH´RUWRWKH'ERXQGDU\OLNH
³SRLQW' ,1 ERXQGDU\'VXUIDFH´ ± WKHVH NLQGV RI
VXUIDFHVDUHDIRUPDOO\FRUUHFWZD\WRH[SUHVVWRSRORJLFDO
UHODWLRQVKLSVRQJHRPHWULHVZKLFKDUHPDQDJHGE\FXUUHQW
*,6 WHFKQRORJ\ XQGHU VHYHUDO QDPHV DQG DUH HVVHQWLDOO\
UHSUHVHQWLQJ ' ULQJV WKH VR FDOOHG ³SRO\JRQ=´ RI
VKDSHILOHV
$VD FRQVHTXHQFHRI WKH'H[WHQVLRQV LQWURGXFHG LQ WKH(6)
PRGHO WKH FRQVWUDLQW WHPSODWHV F FDQ H[SUHVV 'SURSHUWLHV
7KHGHWDLOHGGHVFULSWLRQRIWKHFRQVWUDLQWVWUXFWXUHLVQRWJLYHQ
KHUH UHIHU WR %HOXVVL HW DO D%HOXVVL HW DO EIRU D
GHVFULSWLRQRIWKHWHPSODWHVWUXFWXUHDQGRIWKHUHDVRQVZK\WKH
WHPSODWHVDUHQHFHVVDU\,WLVQRWFRQYHQLHQWDQGWRVRPHH[WHQW
QRW HYHQ SRVVLEOH WR XVH GLUHFWO\ 2&/ FRQVWUDLQWV  VSDWLDO
IXQFWLRQV LQ RUGHU WR H[SUHVV DQG DXWRPDWLFDOO\ YHULI\
FRQVWUDLQWV2WKHUVLPLODUDSSURDFKHVLQOLWHUDWXUHDUHGHVFULEHG
LQ'HPXWKHWDO'XERLVVHW
$ *HR80/ 6FKHPD FDQ EH FUHDWHG XVLQJ DW RRO FDOOHG
*HR80/&DWDORJXHWKH&DWDORJXHKDVWKHIROORZLQJIXQFWLRQVx LW FKHFNV WKDW WKH6FKHPD LV V\QWDFWLFDOO\ FRUUHFW GLUHFWO\
GXULQJWKHHGLWLQJx LW DOORZV WR DGG GHVFULSWLYH LQIRUPDWLRQ WR WKH IRUPDO
GHILQLWLRQVRIWKH6FKHPDx LW SURGXFHV GRFXPHQWDWLRQ RIW KH 6FKHPD DQG DGGLWLRQDO
LQIRUPDWLRQ WKLV GRFXPHQWDWLRQ LV QHFHVVDU\ LQ RUGHU WR
VXSSRUW IRUH[DPSOHD OHJDOO\PDQGDWRU\VSHFLILFDWLRQ IRU
GDWDSURGXFWLRQx LW SURGXFHV D VWDQGDUG 2*& ,62  FRPSOLDQW
$SSOLFDWLRQ 6FKHPD $6 LQ ;0, IRUPDW ZKLFK FDQ EH
LPSRUWHG LQD&$6( WRRO WKHVWDQGDUG$6 LVREWDLQHGE\
WUDQVIRUPLQJ WKH (6) VSDWLDO W\SHV LQWR 6 SDWLDO
VFKHPD W\SHV DQG E\ FRQYHUWLQJ WKH FRQVWUDLQW WHPSODWHV
LQWRVWDQGDUG2&/IRUPXODVZKLFKDUHDGGHGDVFRPPHQWV
WRWKHFRQVWUDLQHGFODVVHVx LW H[SRUWV DQG LPSRUWV WKH VSHFLILFDWLRQ LQ D SXEOLVKHG
;0/IRUPDWFDOOHG6&6IRUPDW
$V DQ H[DPSOH RIW KH DSSOLFDWLRQ RI WKH&RQVWUDLQW7HPSODWHV
FRQVLGHU WKH IROORZLQJ WH[WXDO FRQVWUDLQWV WDNHQ IURP WKH
',,163,5('DWD6SHFLILFDWLRQRQ7UDQVSRUW1HWZRUNV±
*XLGHOLQHV
Requirement 10 ,Q D 7UDQVSRUW 1HWZRUNV GDWD VHW
ZKLFKFRQWDLQVQRGHVWKHVHQRGHVVKDOORQO\EHSUHVHQW
ZKHUH7UDQVSRUW/LQNVFRQQHFWRUHQG








      exists(a: TransportLink |
        self.InNetwork = a.InNetwork and
        self.Geometry.check(TC,
          a.CenterlineGeometry))
ZKHUHx TransportNode LV WKH FODVV UHSUHVHQWLQJQRGHV LQ WKH
,163,5( 6SHFLILFDWLRQ DQG LW KDV D VSDWLDO DWWULEXWH
GeometryUHSUHVHQWLQJWKHQRGHORFDWLRQx TransportLink LV WKH FODVV UHSUHVHQWLQJ OLQNV LQ WKH
,163,5( 6SHFLILFDWLRQ DQG LW KDV D VSDWLDO DWWULEXWH
CenterlineGeometry UHSUHVHQWLQJ WKH FHQWHU OLQH RI
WKHOLQNx a.check({r1,…,rn}, b) LV D VKRUW IRUP IRU
UHSUHVHQWLQJWKHGLVMXQFWLRQRIDVHWRIUHODWLRQVa.r1(b)
or … or a.rn(b)x InNetwork LV D UROH WKDWGHILQHV WKHREMHFWRIW KH FODVV
Network WRZKLFKDNetworkElement QRGHRUO LQN
EHORQJVx )LQDOO\ TC LV D VKRUW IRUP IRUW KH 7RXFK WRSRORJLFDO





7KHGeoUML Validator LV D 7RRO ZKLFK LV FDSDEOH WR UHDG D
'DWD3URGXFW DQG WR FKHFN LWV FRQIRUPDQFHZLWKD&RQFHSWXDO
6FKHPDSUHYLRXVO\FUHDWHGZLWKWKH*HR80/&DWDORJXH









$ FULWLFDO SUREOHP LQ WKH LPSOHPHQWDWLRQ RIW KH9DOLGDWRU KDV
EHHQ UHJDUGLQJ PHWULF DVSHFWV DQG UHVROXWLRQ DV LW LV ZHOO
NQRZQZLWKFXUUHQWWHFKQRORJ\LWLVSRVVLEOHWKDWWZRGLIIHUHQW
V\VWHPVHYDOXDWHWKHWRSRORJ\RIWKHVDPHGDWDGLIIHUHQWO\GXH




OHVV WKDQ WKH LQWHUQDO UHVROXWLRQ XVHG E\ WKH YDOLGDWRU WR
UHSUHVHQWFRRUGLQDWHVYDOXHVx WKHPLQLPXPGLVWDQFHEHWZHHQDQ\SRLQWDQGDQ\VHJPHQW
LV UHTXLUHG WR EH  WLPHV WKH LQWHUQDO UHVROXWLRQ RIW KH
YDOLGDWRUx WKH HYDOXDWLRQ RIW RSRORJLFDO SURSHUWLHV LV H[DFW LH WZR
SRLQWV DUH HTXDO LI DQG RQO\ LI WKHLU FRRUGLQDWHV DUH
LGHQWLFDO DW ELQDU\ OHYHO WZR VHJPHQWV DUH HTXDO LI WKH\
KDYHHTXDOHQGSRLQWVDQGVRRQ
7KH*HR80/9DOLGDWRUSURGXFHVDQHUURUGLDJQRVWLFVZKLFKLV
VWRUHG LQ D 'HUE\ GDWDEDVH IURP ZKLFK LW FDQ EH TXHULHG
VSHFLDOL]HG UHSRUWV FDQ EH GHULYHG HWF«$ SDUWLFXODU NLQG RI
UHSRUWLQJZKLFKLVDUFKLWHFWXUDOO\SRVVLEOHEXWQRWLPSOHPHQWHG
\HW LV WKH SURGXFWLRQ RI³ LQVWDQFH PHWDGDWD´ ZKLFK FDQ EH
VWRUHG LQ WKH 'DWD 3URGXFW LWVHOI WKH SUREOHP ZLWK LQVWDQFH
PHWDGDWD LV WKDW VRPH W\SHV RIH UURUV HJ D JDS LQ ³VRLO
FRYHULQJ´ FDQQRW EH DVVRFLDWHGZLWK D VLQJOH REMHFW LQVWDQFH
DQG WKHUHIRUH ZH DUH GHVLJQLQJ D PRUH FRPSOH[ PRGHO IRU
GHDOLQJZLWKLQVWDQFHPHWDGDWD
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RI WKH &RQFHSWXDO 6FKHPD MXVW DVVRFLDWLQJ WKH HUURU ZLWK WKH





LV EDVHG RQ D IXQGDPHQWDO FRPSRQHQW FDOOHG WKHNormalized 
DatabaseZKLFKLVD3RVW*,6GDWDEDVHKDYLQJDQ64/VFKHPD
ZKLFK LV GHULYHG IURP WKH &RQFHSWXDO 6FKHPD IROORZLQJ WKH
LQWHUQDOO\GHILQHG1RUPDOL]HG,PSOHPHQWDWLRQ0RGHOD5HDGHU
ORDGV WKH LQSXW GDWDVHW LQWR WKH 1RUPDOL]HG 'DWDEDVH DQG
SHUIRUPV DOVR VRPH FRQWUROV ZKLFK GHSHQG RQW KH SDUWLFXODU
LQSXWVWUXFWXUHEXW WKHPDLQSDUWRIWKH WRSRORJLFDOFRQWUROV LV
GRQH RQ WKH QRUPDOL]HG GDWDEDVH DQG LV WKHUHIRUH LQGHSHQGHQW
IURPWKHSK\VLFDOVWUXFWXUHRIWKHLQSXW





E\ VRPH NLQG RI Physical Schema 7KH ZD\ LQ ZKLFK WKH
SK\VLFDOVFKHPDLVGHILQHGGHSHQGVRQWKHWHFKQRORJ\XVHGIRU




'36 IRUHDFK&RQFHSWXDO6FKHPD WKHUH FDQEH VHYHUDO'36
WKH\DUHDOOVWRUHGLQWKH6&6ILOHDVVRFLDWHGWRWKH&RQFHSWXDO
6FKHPD 7KH PRVW LPSRUWDQW FRPSRQHQW RID  '36 LV D GDWD
VWUXFWXUHFDOOHGCPMappingZKLFKGHILQHVWKHFRUUHVSRQGHQFH
EHWZHHQWKHConceptualDQGWKHPhysical Schema
$Q ,PSOHPHQWDWLRQ 0RGHO LV D VHW RIUXO HV ZKLFK DOORZV WR
SURGXFH IURP D &RQFHSWXDO 6FKHPD D FRUUHVSRQGLQJ 3K\VLFDO
6FKHPDDQG&30DSSLQJ
)RU HYHU\ ,PSOHPHQWDWLRQ 0RGHO ZKLFK LV DGGHG WR WKH
DUFKLWHFWXUH LW LV QHFHVVDU\ WR GHYHORS WKH IROORZLQJ WZR
FRPSRQHQWV
 WKHMapping Generator WKLV FRPSRQHQW LV DGGHG WR WKH
*HR80/ &DWDORJXH DQG DOORZV WR SURGXFH WKH 3K\VLFDO
6FKHPDDQG&30DSSLQJE\DSSO\LQJWKHUXOHVRIWKH,0WR
WKH&RQFHSWXDO6FKHPDVWRUHGLQWKH&DWDORJXH
 WKH Reader WKLV FRPSRQHQW LV DGGHG WR WKH *HR80/
9DOLGDWRUDQGLVFDSDEOHWRUHDGDGDWDVHWKDYLQJDSK\VLFDO











WKHSK\VLFDOVFKHPDx 'DWDEDVH ,0V KDYHPRUH IOH[LELOLW\ VR WKDW WKH GDWDEDVH
RZQHU FDQ PRGLI\ VRPH DVSHFWV RIW KH SK\VLFDO VFKHPD
DQG &3PDSSLQJ ZKLFK LV JHQHUDWHG HJ FKDQJH WKH
QDPHVRIWDEOHVDWWULEXWHVDGGVSHFLILFDWWULEXWHVHWF
&XUUHQWO\ WKH ,0V ZKLFK KDYH EHHQ LPSOHPHQWHG LQ WKH
DYDLODEOHWRROVDUHWKHIROORZLQJ
7UDQVIHU,0Vx (6)*0/WKLV,0LVEDVHGRQWKHVWDQGDUGHQFRGLQJUXOHV
IRU*0/,627&x 6KDSHB)ODW WKLV ,0KDVEHHQGHILQHG LQRUGHU WRVLPSOLI\
WKH DHURSKRWRJUDPPHWULF GDWD SURGXFWLRQ SURFHVV DQG WR
REWDLQ GDWD ZKLFK LV HDVLO\ XVDEOH ZLWK FXUUHQW *,6
V\VWHPV WKH WHFKQRORJ\ VXSSRUWLQJ *0/ ZDV QRW
FRQVLGHUHGVXIILFLHQWO\PDWXUHx 6KDSHB7RSRWKLV,0LVVLPLODUWR6KDSHB)ODWZLWKUHVSHFW
WR WHFKQRORJ\ DQG JRDOV EXW LW VWRUHV WKH JHRPHWULHV RI
VHYHUDOFODVVHVWRJHWKHULQDVRFDOOHG³7RSRORJLFDO/D\HU´
LPSOHPHQWHG DV D VKDSHILOH LQVWHDG RIV WRULQJ HDFK
JHRPHWU\LQWKHFRUUHVSRQGLQJ³&ODVV´VKDSHILOH









7KH ,PSOHPHQWDWLRQ RIW KH &DWDORJXH 9DOLGDWRU DQG RIW KH
6FKHPD *HQHUDWRU DQG 5HDGHU IRUV HYHUDO ,PSOHPHQWDWLRQ
0RGHOV KDYH EHHQ FRPSOHWHG DYDLODEOH DW
ZZZVSDWLDOGEJURXSSROLPLLW
7KH &DWDORJXH KDV EHHQ DOUHDG\ H[WHQVLYHO\ XVHG WKH PRVW
LPSRUWDQW DSSOLFDWLRQ KDV EHHQ WKH GHILQLWLRQ LQ  RI WKH
&RQFHSWXDO6FKHPDRI WKHPLQLPDOVKDUHGGDWDEDVHFRQWHQWRI
WKH ,WDOLDQ 5HJLRQV FDOOHG National Core 1& 7KH 1&
DSSOLFDWLRQKDVLQWURGXFHGVRPHFRPSOLFDWLRQVEHFDXVHWKH1&
KDV WKH UROH RID  0HWDVSHFLILFDWLRQ LH D5 HIHUHQFH
6SHFLILFDWLRQWKDWDOO5HJLRQDO6SHFLILFDWLRQVPXVWLQFOXGH7KLV
KDV OHG WR WKH FRPSOH[ SUREOHP RI FRPSDWLELOLW\ EHWZHHQ
GLIIHUHQW VSHFLILFDWLRQV HVSHFLDOO\ VLQFH WKH SURMHFW DLPHG WR
UHFRYHUDOVRGDWDZKLFKKDVEHHQSURGXFHGEHIRUHWKHGHILQLWLRQ
RI WKH1& XVLQJ GLIIHUHQW VFKHPDV 6RPH IHDWXUHV KDYH EHHQ
LQWURGXFHGLQWKH&DWDORJXHLQRUGHUWRGHDOZLWKWKLVSUREOHP
IRU H[DPSOH WKH SRVVLELOLW\ WR FRPSDUH GLIIHUHQW VFKHPDV EXW
IXUWKHU VWXG\ LV QHFHVVDU\ LQ RUGHU WR GHDO ZLWK VHPDQWLF
GLIIHUHQFHVEHWZHHQVFKHPDV
7KHFDVHWHVWIRUWKHGHYHORSPHQWRIWKH9DOLGDWRUKDVEHHQWKH
6SDWLDO 'DWDEDVH RIW KH 0XQLFLSDOLW\ RI &UHPRQD D WRZQ LQ
1RUWKHUQ ,WDO\  /RPEDUG\5HJLRQ  LQKDELWDQWV 
VTXDUH PHWHUV  IHDWXUH FODVVHV  IHDWXUHV 7KH
GDWDEDVH ZKLFK LV EDVHG RQ2 5$&/( 6SDWLDO KDV EHHQ
UHGHVLJQHGXVLQJWKH&DWDORJXHDQGDGDSWHGDVIDUDVSRVVLEOHWR
WKH 1& VSHFLILFDWLRQ WKXV SHUIRUPLQJ D NLQG RI ³UHYHUVH
HQJLQHHULQJ´ IURP WKH SK\VLFDO WR WKH FRQFHSWXDO OHYHOZKLFK
ZLOO EH LPSRUWDQW LQ PDQ\ VLWXDWLRQV 7KH YDOLGDWLRQ RIW KH
ZKROH GDWDEDVH ZLWK  VSDWLDO LQWHJULW\ FRQVWUDLQWV WDNHV 
KRXUVDQGPLQXWHVRQD,QWHO&RUHL*+]PDFKLQH
 *E\WH 5$0 ZLWK *18/LQX[ )HGRUD &RUH    ELW
SRVWJUHVTOSRVW*,6DQG2UDFOHJE\LQWURGXFLQJ
VRPH RSWLPL]DWLRQV OLNH D SDUDOOHO H[HFXWLRQ RI TXHULHV WKH
WLPH FDQEH UHGXFHG WR DERXW KRXUV'HWDLOV DERXW WKLV ILUVW
WHVWDUHUHSRUWHGLQ$SSHQGL[$
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7KH %HWD WHVW RIW KH 9DOLGDWRU LQ $HURSKRWRJUDPPHWULF GDWD
SURGXFWLRQV LV XQGHUZD\ ZLWK 9HQHWR 5HJLRQ IRUW KH
6KDSHB)ODW ,0 DQG5HJLRQ3LHPRQWH IRUW KH6KDSHB7RSR ,0
,Q WKHVH SURGXFWLRQV WKH YDOLGDWRU VKRXOG EH XVHG QRW RQO\ E\




































WKH FRQVLVWHQF\ RIGD WD ZLWK LWVHOI VLQFH LW FDQQRW NQRZ
DQ\WKLQJ DERXW WKH UHDO ZRUOG WKLV NLQG RIF KHFN DOORZV WKH




6. CONCLUSIONS AND EVOLUTIONS
7KH*HR80/9DOLGDWRULVDILUVWH[DPSOHRIWKHODUJHUFODVVRI
*HR80/ 7RROV ZKLFK FRXOG EH LPSOHPHQWHG LQ WKLV
DUFKLWHFWXUH 7KHPDLQ FKDUDFWHULVWLF RI WKHVH WRROV LV WKDW WKH
ZRUN WKH\ SHUIRUP LVdriven by D&RQFHSWXDO 6FKHPD 6&VFV
ILOH7KXVZH FDQ VD\ WKDW HDFK*HR80/ WRRO LV EDVHG RQ D
“Conceptual Model Driven” Architecture. 
6RPH WRROV FDQ EH LPSOHPHQWHG LQ D YHU\ VLPSOHZD\E\ MXVW
VXEVWLWXWLQJ LQ WKH VWUXFWXUHRI)LJ  WKH ILQDO FRPSRQHQW WKH
Check Integrity Constraints FRPSRQHQW ZLWK D GLIIHUHQW
FRPSRQHQW)RUH[DPSOHSRVVLEOHDGGLWLRQDOFRPSRQHQWVDUHx $QExtractor ComponentWKDWLVDEOHWRH[WUDFWGDWDIURP
WKH1RUPDOL]HGGDWDEDVHDQGWRUHSUHVHQW WKHPLQDJLYHQ
,PSOHPHQWDWLRQ0RGHO$Converter Tool WKDW LV DEOH RI
FRQYHUWLQJGDWDIURP,0[WR,0\FDQEHREWDLQHGE\MXVW
WKHFRPELQDWLRQRIDReaderIRU,0[DQGDQExtractorIRU
,0\x $ Merger Component WKDW LV DEOH WR PHUJH WZR GDWD
SURGXFWVWKDWVKDUHWKHVDPHFRQFHSWXDOVFKHPDEXWDGRSW
GLIIHUHQW ,0V ,Q WKLV FDVH ZH QHHG WZR UHDGHUV RQH IRU
,0[DQGRQHIRU,0\DQGDMergerWKDWLVDEOHWRGLVFRYHU
FRPPRQLQVWDQFHVDQGVROYHDWWULEXWHFRQIOLFWV
7KHVH H[DPSOHV VKRZ WKDW LI WKH GDWDVHWV VKDUH WKH VDPH
&RQFHSWXDO 6FKHPD LH WKH\ VKDUH WKH VDPHFRQWHQW DOWKRXJK
WKH\DUHGLIIHUHQWLQSK\VLFDOVWUXFWXUHPDQ\XVHIXORSHUDWLRQV
FDQ EH SHUIRUPHG XVLQJ DQ DSSURDFK EDVHG MXVW RQ
,PSOHPHQWDWLRQ0RGHOV5HPDUN WKDWZLWKPRVW FRPPHUFLDOO\
DYDLODEOH DSSURDFKHV WR GDWD FRQYHUVLRQ LW LV GLIILFXOW WR
UHFRJQL]H WKDW WZR GDWDVHWV ZLWK GLIIHUHQW VWUXFWXUHV VKDUH D
FRPPRQ FRQWHQW EHFDXVH WKH FRQFHSWXDO DQG SK\VLFDO OHYHOV
DUHQRWFOHDUO\VHSDUDWHG
5HDOGLIIHUHQFHVRIFRQWHQWVVHPDQWLFGLIIHUHQFHVEHWZHHQWZR
GDWDVHWVPXVW LQVWHDGEHPRGHOHGDWFRQFHSWXDO OHYHO ,QRUGHU
WR GHDO ZLWK VHPDQWLF GLIIHUHQFHV DQ H[WHQVLRQ RIERW K WKH
*HR80/&DWDORJXHDQGRIWKH0HUJHU&RPSRQHQWLVUHTXLUHG
6RPH H[SHULPHQWV KDYH EHHQ SHUIRUPHG LQ RUGHU WR DQDO\]H
KRZ WR H[WHQG WKH *HR80/ 7RROV LQ RUGHU WR VXSSRUW
HOHPHQWDU\ VHPDQWLF GLIIHUHQFHV 7KH JHQHUDO DUFKLWHFWXUH
HQYLVDJHV WKDW WKH  &DWDORJXH PXVW UHSUHVHQW WKH semantic 
mapping DPRQJ HOHPHQWV RI WKH WZR FRQFHSWXDO VFKHPDV DQG
WKH0HUJHU &RPSRQHQW KDV WR DSSO\ WKH VHPDQWLFPDSSLQJ WR
WKH GDWD LQ WKH 1RUPDOL]HG 'DWDEDVH $OWKRXJK WKH ILHOG RI
VHPDQWLF PDSSLQJ KDV HQRUPRXV FRPSOH[LW\ DQG RQO\ YHU\
HOHPHQWDU\ VHPDQWLF GLIIHUHQFHV KDYH EHHQ H[SHULPHQWHG





%HOXVVL $ 1HJUL 0 3HODJDWWL *  $Q ,62 7& 
&RQIRUPDQW$SSURDFKWR0RGHO6SDWLDO,QWHJULW\&RQVWUDLQWVLQ
WKH&RQFHSWXDO'HVLJQ RI*HRJUDSKLFDO'DWDEDVHV ,Q -RKQ)
5RGGLFN HW DO HG Lecture Notes in Computer Science, 
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(CoMoGIS workshop) 7XFVRQ$=86$1RY   SS

%HOXVVL $ 1HJUL 0 3HODJDWWL *  0RGHOOLQJ 6SDWLDO
:KROH3DUW 5HODWLRQVKLSV XVLQJ DQ ,627& FRQIRUPDQW
DSSURDFK Information and Software Technology  

%HOXVVL$0LJOLRULQL61HJUL1	3HODJDWWL*)URP
WKH &RQFHSWXDO 'HVLJQ RI6 SDWLDO &RQVWUDLQWV WR WKHLU
,PSOHPHQWDWLRQ LQ 5HDO 6\VWHPV ,Q3 URFHHGLQJV RI The 17th 
ACM SIGSPATIAL International Conference on Advances in 
GIS6HDWWOH:DVKLQJWRQ86$1RYSS
'HPXWK % +XPDQQ+ 8VLQJ80/2&/&RQVWUDLQWV
IRU5HODWLRQDO'DWDEDVH'HVLJQ3URFRIWKH&RQIHUHQFHRQWKH
8QLILHG0RGHOLQJ/DQJXDJH86$SS
'HPXWK % +XPDQQ + /RHFKHU 6  2&/ DV D

















*HRJUDSK\ 0DUNXS /DQJXDJH *0/ WH[W IRU,6 2 GRF 1

2*&2&*U2SHQ*,6,PSOHPHQWDWLRQ6WDQGDUG
IRU *HRJUDSKLF LQIRUPDWLRQ  6LPSOH IHDWXUH DFFHVV  3DUW 
&RPPRQDUFKLWHFWXUH9HUVLRQ
APPENDIX
7DEOH  OLVWV WKH WZR PRVW WLPH FRQVXPLQJ VSDWLDO LQWHJULW\
FRQVWUDLQWV WKDW KDYH EHHQ WHVWHG GXULQJ WKH DSSOLFDWLRQ RIW KH
9DOLGDWRU RQ WKH VSDWLDO GDWDEDVH RIW KH 0XQLFLSDOLW\ RI
&UHPRQD7KHWDEOHVKRZVIRUHDFKWHVWHGFRQVWUDLQWLWVIRUPDO
GHILQLWLRQ FROXPQ WKH FRQVWUDLQHG FODVV DQG LWV FDUGLQDOLW\
FROXPQ  WKH FRQVWUDLQLQJ FODVVHV DQG WKHLU FDUGLQDOLW\
FROXPQ WKHQXPEHURIYLRODWLRQV FROXPQDQG WKH WLPH
UHTXLUHGIRUSHUIRUPLQJWKHWHVWFROXPQ
7KHILUVWFRQVWUDLQWUHTXLUHVWKHGLVMRLQWQHVVRUDGMDFHQF\'-RU
7& EHWZHHQ DOO HOHPHQWDU\ YROXPHV FODVV 9ROXPHWULF 8QLW
ZKLFK DUH DW JURXQGO HYHO7KH VHFRQG FRQVWUDLQW UHTXLUHV WKDW
WKH'SURMHFWLRQRIWKHSRVLWLRQRIDOO'ULYHZD\ZKLFKKDYHD
' SRLQW JHRPHWU\ PXVW EH FRQWDLQHG LQVLGH WKH VXUIDFH
UHSUHVHQWLQJWKHRFFXSDQF\RIDEXLOGLQJDWJURXQGOHYHO
7KHYHU\VPDOODPRXQWRIYLRODWLRQV LVGXH WR WKHIDFW WKDW WKH
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